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1  29  23 3511
0  2 1  8 3702
0  4 8  24  47 3452
0  1 0  1 0  7 3707
 1 0 17  9 1  26  47 3427
0 2  3 2 0  1 0  6 3640
 10  37  11  4 0  3 0  7  29 3389
0  2  9 1 0  1 0  9  1  1 3696
 2  18  45 5 1  9 5  47  40  52  59 3085
45 45 0 0 0 0 0 0 0 0 0 0 3247
0 0 45 45 0 0 0 0 0 0 0 0 0 3340
0 0 0 0 45 45 0 0 0 0 0 0 0 0 3229
0 0 0 0 0 0 45 45 0 0 0 0 0 0 0 3224
0 0 0 0 0 0 0 0 45 45 0 0 0 0 0 0 3266
0 0 0 0 0 0 0 0 0 0 45 45 0 0 0 0 0 3276
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Monomer 1 0@ 3699.1 47.9 3309.0
45.3 45.3 3246.9
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Monomer 2 0@ 3560.3 23.4 3511.4
45.3 45.3 3340.1
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Monomer 3 0@ 3701.6 47.1 3451.6
45.3 45.3 3229.1
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Monomer 3 0@ 3701.6 47.1 3451.6
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Perturba&ons	  on	  Hexamer	  








Perturba&ons	  from	  the	  benzene	  lead	  to	  the	  
Bz-­‐(H2O)6	  book	  spectrum	  to	  look	  similar	  to	  


































































































































































Similar	  site	  frequency	  trends	  for	  πDA,	  α,	  and	  ω	  waters	  	  




















energy	  surface	  scans	  of	  OH	  
stretches	  (treat	  as	  a	  
diatomic)	  	  
Fit	  poten&al	  and	  calculate	  
anharmonicity	  with	  a	  DVR	  
calcula&on	  	  
Found	  on	  Bz-­‐(H2O)3	  that	  results	  worked	  best	  with	  a	  
0.985	  scaling	  of	  free	  OH	  stretch	  frequencies	  




Compare	  MP2	  to	  M06-­‐2X	  


















A	  Closer	  Look	  at	  the	  Hexamer	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More	  Comprehensive	  Look	  at	  
Hexamer	  
Map	  out	  3D	  poten&al	  energy	  
surfaces	  on	  each	  monomer	  (2	  
stretch	  +	  1	  bend)	  
Calculate	  monomer	  
Hamiltonians	  with	  4th	  order	  Van	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1AAlso	  gives	  site-­‐speciﬁc	  stretch-­‐
bend	  Fermi	  coupling	  
M06-­‐2X	  Simple	  
6
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MP2	  4th	  Order	  VVPT	  	  
DDA	  Monomer	  H	  
6
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Full	  Treatment	  on	  Bz-­‐(H2O)6	  










•  The	  perturba&ons	  of	  benzene	  on	  water	  cycles	  
are	  reﬂected	  in	  the	  site	  frequencies	  of	  the	  
local	  mode	  frequencies	  both	  at	  and	  adjacent	  
to	  the	  site	  
•  These	  perturba&ons	  are	  also	  seen	  in	  the	  larger	  
clusters	  
•  Both	  MP2	  and	  M06-­‐2X	  electronic	  structure	  
calcula&ons	  can	  be	  used	  to	  calculate	  the	  local	  
mode	  frequencies	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